Although the concept of extracorporeal membrane oxygenation (ECMO) has remained unchanged, component technology has evolved considerably over the past three decades. Presently the clinical conditions requiring ECMO support have been updated with input from the outcome data of patient registries. Modern circuit configuration has become less cumbersome, safer, and more efficient. Technological advances now allow prolonged support with fewer complications compared to the past eras and facilitate transition to a single bedside caregiver model, similar to hemofiltration or ventricular-assist devices. The clinical considerations and indicators for placing the patient on ECMO, the various circuit configurations, clinical and technical issues, and management aspects are considered in this article. 
INTRODUCTION
The ECMO equipment and their mode of Extracorporeal membrane oxygenation: Clinical considerations and criteria In the various clinical settings, the primary issues that are dealt with quite often are, the identification and selection of that particular subset of patients, who may reap the maximum benefit from ECMO support, and when the conventional medical therapies are failing, but before any irreversible lung or terminal organ damage can occur. The clinical considerations and criteria for initiating ECMO support in adults vary substantially among the centers [ Table 1 ]. Centers use fast entry criteria or slow entry criteria for objective evidence, which are usually modifications of the classic fast and slow entry criteria of the United States ECMO study. They typically include an oxygenation criterion that is assessed at a certain time point during the acute phase of the disease, at a specific respirator setting, and incorporates the compliance of the lung, extravascular lung water, and at times a pulmonary scoring system [ Tables 2 and 3 ]. [1] [2] [3] Choice for the type of extracorporeal membrane oxygenation placement The algorithm in Figure 1 simplifies the understanding about the choice of the type of ECMO (veno-venous or arterio-venous) the clinical settings.
Extracorporeal membrane oxygenation indications specific to the subgroup Extracorporeal membrane oxygenation use specific to neonates and infants Initially, ECMO was most commonly used in neonatal intensive care units for pulmonary distress [ Table 4 ]. However, with passing time and a better understanding Table 1 : Clinical criteria considered for respiratory support using ECMO [42] Summary of clinical criteria used by the various institutes across the world (any of the criteria can be used):- of the physiological aspects, this subgroup has decreased and has been overtaken by the older postsurgical patient subgroups.
On fulfillment of the above criteria, patients with the following [ Table 5 ] neonatal diagnoses are considered for ECMO support.
Extracorporeal membrane oxygenation in children
Children with congenital heart disease who remain too sick to undergo surgical intervention, or develop worsening of cardiac failure in the postoperative period with maximal ionotropic support, or have outgrown the ability of their reconstructed heart to function, form the major group of patients requiring ECMO support [ Table 6 ]. In these children the mechanisms of compensation are stretched to the maximum limit and adequate gas exchange can only be maintained through adequate tissue perfusion using extracorporeal support. [4] [5] [6] Additionally, cardiac failure can result from noncongenital medical conditions such as viral myocarditis or cardiomyopathies, which are reversible. For these diverse groups of patients, ECMO is often the only option for short-term cardiac support while waiting for either native heart recovery or as a bridge to transplantation. Under these circumstances, the advantages of use of ECMO over use of ventricular assist devices (VAD) are:
a. Avoiding open surgery to institute the support. b. Quick initiation of the support in the ICU or emergency department itself c. If thoracotomy or sternotomy were to be required at later stages, virgin state of the tissue planes will be an added advantage. [7, 8] Extracorporeal membrane oxygenation in cardiac surgery ECMO is now considered an important and useful therapeutic modality in children with post-cardiotomy myocardial failure, unresponsive to conventional medical therapies, including optimum preload maintenance, enhancing myocardial contraction and appropriate afterload manipulation. Less commonly, ECMO is used to support it is difficult to wean patients from CPB after cardiac surgery [ Table 7 ]. With an overall increase in experience, early institution of ECMO support has been emphasized to reduce cardiac arrest, end organ damage, and failure to wean from CPB, resulting in better patient outcome. It was recently shown that when used as a bridge to surgery, ECMO represented a useful modality to rescue pateints with failing circulation and irreparable complex heart defects. [7, 8] Whenever ECMO support is required in children either prior to or after cardiac surgery, a search should be made to diagnose residual heart defects as early as possible, since carrying out interventions to rectify these defects may prove crucial for patient survival. Early diagnosis using echocardiography and/ or cardiac catheterization may be recommended to achieve the above goals. Other less common indications include the support during interventional cardiac catheterization procedure for a hemodynamically unstable patient. [9] Extracorporeal cardiopulmonary support in adult patients (1) Acute respiratory distress syndrome (ARDS) with secondary lung injury (following shock, trauma, . [10] [11] [12] [13] [14] ECMO in cardiopulmonary resuscitation Extracorporeal Cardiopulmonary Resuscitation (E-CPR) has a short-term and long-term survival benefit over conventional CPR in patients with in-hospital cardiac arrest of cardiac origin. This resuscitative method is reasonable for patients suffering from refractory cardiac arrest, who have undergone CPR for more than 10 minutes. [15] [16] [17] Rare conditions requiring extracorporeal membrane oxygenation support Extracorporeal membrane oxygenation has been used for rare causes of pulmonary failure with variable success in vasculitis, autoimmune lung disease, bronchiolitis obliterans, Goodpasture syndrome, and rare bacterial, fungal or viral infections. [18] Extracorporeal membrane oxygenation circuit: Component consideration Pump Blood pumps with long-term performance are preferred. The servoregulated roller pump is standard in most centers. Many centers use roller pumps [ Table 9 ] and systematically reposition the tubing segment within the pump at regular intervals so that the attrition of the tubing wall, due to the rollers, is distributed over a long distance (Raceway tubing). Other groups use centrifugal pumps and replace the pump heads at regular intervals because of the bearing problems that are related to stagnant blood flow and localized thermal buildup. Centrifugal pumps of more recent design use a single-point sapphire bearing and continuous washing of all rotor and housing surfaces. There are two different types of centrifugal pumps with a center hole in the rotor, which avoids thrombosis and heating: Centrimag (Levitronix) and Rotaflow (Maquet). Both are safe for long-term use.
The new membrane lung can be used with a centrifugal pump if the inlet (suction) pressure does not exceed minus 200 -300 mm Hg. This negative pressure can occur in seconds if the venous line chatters at high flow, so it should be prevented by keeping the RPM under 3000 and / or by incorporating a compliance chamber in the drainage line (Better Bladder). The advantage of a centrifugal pump is that it cannot blow out at normal pressure, even with the arterial line occluded. There is no backflow valve with a centrifugal pump, so the patient can bleed out backwards if the pump stops during venoarterial (VA) ECMO. Also hemolysis in neonates and small infants is clinically more significant, when compared to roller pumps. . The size of the artificial lung is selected to provide total cardiopulmonary support based on the type of oxygenerator and its manufacturer recommendation to the body surface area [ Table 10 ]. The microporous hollow-fiber oxygenators initially used were highly efficient with regard to gas exchange, had low resistance to blood flow, and were also easy to prime. On account of their early failure (plasma wetting and decreased gas exchange), which occurred quickly and unpredictably, use of the spiral wound silicone-membrane oxygenator, Avecor (Affinity, Avecor Cardiovascular Inc., Minneapolis, MN, USA), was popularized over a period of time. Newer developments included microporous hollow-fiber membranes coated with thin siloxane layers to prevent plasma wetting and increase biocompatibility. Poly 2-methoxy-ethylacrylate (PMEA) coatings also resisted plasma leakage and attenuated the inflammatory response, for example, the Medos Hilite 7000LT oxygenator, used a poly-4-methyl-1-pentene (PMP) asymmetric hollow-fiber membrane, also coated with heparin, which had the potential to last for the entire ECMO course. On the other hand, Quadrox D (Maquet Jostra Medizintechnik AG, Hirrlingen, Germany) was a low-resistance nonporous PMP-coated diffusion membrane lung, meant for patients over 10 kg and for smaller patients with a recirculating loop, functioning for a month or more, without need for the regular change out. Although Quadrox D was 'nonporous' and would not leak plasma, there were micro holes that could entrain air, if the pressure on the blood side was lower than the ambient pressure. Therefore, it was essential to keep the lung below the level of the patient. Large patients (over 80 kg) could need two membrane lungs in parallel for adequate gas exchange when there was no native lung function. A new circuit named Permanent Life Support -PLS (Maquet, Jostra Medizintechnik AG, Hirrlingen, Germany) with the Quadrox D oxygenator had the housing reinforced with glass fibers, to increase the mechanical resistance, and the polyvinyl chloride (PVC) of the circuit was DEHPfree (Bis 2-ethylhexyl-phthalate). On account of these characteristics, this circuit was more biocompatible and had been certified for a support period of at least 14 days. Various oxygenator configurations with ECMO circuits are shown in Figures 2a, b , and c. [19] [20] [21] [22] Technical data Quadrox Quadrox-D Avecor 800 Avecor 1500
Membrane Lung
Priming volume 250 ml 250 ml 100 ml 175 ml
Effective surface area gas exchange 1. As can be noted by inspection of the gas outflow port, the membrane is a potent source of insensible fluid loss (water transfer across the membrane is 5 -10 ml / m 2 / hour at 37 0 C).
Heat exchanger
The heat exchanger can be separate or be incorporated into the oxygenator [ Table 11 ]. Low pressure flow (3 -4 Psi) is maintained on the water bath side to ensure that, if any leak which inadvertently occur may cause the blood flow to enter the water bath and not the reverse occurring causing mishap. The counter current mechanism for heat exchange maintains the maximal gradient. The maximum temperature reached is 42°C, to prevent bubble formation or hemolysis due to overheating. It also serves as a last port to catch any air bubbles. For large children and adults the use of the heat exchanger or water bath may not be needed.
Monitors
With the Quadrox D and centrifugal pump little continuous monitoring is needed. Circuit management is driven primarily by the patient's monitored parameters and clinical status. Circuit monitors obtain Inlet -Outlet pressures, blood gases, and saturations intermittently, but can be measured continuously when needed for management. However mixed venous oxygen saturation (SmvO 2 ) is monitored continuously on VA ECMO.
Tubing
With the new system, it is possible to use short tubing (one meter), but longer tubing is needed for prone positioning and trips to computed tomography (CT) or operative suites. Short tubing can be used with ECMO for road trips. Tubing diameter is three-eighth inch for > 30 kg, quarter inch for < 30 kg, and half inch drainage is advised for large adults needing a very high flow.
Bridge
It is a connection between the afferent drainage and the efferent oxygenated circuit tubing. It provides bypass if the patient requires isolation from the circuit without decannulation and the blood flow is constantly maintained in the ECMO circuit to avoid clot formation in case an emergent rerun of ECMO becomes inevitable.
During the ECMO run, unclamping at every 15 minutes is done to ensure patency of the line, or alternatively, a flow constrictor is used.
Bladder
Silastic bladder with a capacity of 35 ml is placed at the lowest point on the venous side. The ECMO circuit contains a relatively fixed volume of blood, with the silicone bladder being the only element of volume variability. The volume cannot be transferred from a patient to a component in an ECMO circuit, as can be done with a reservoir in an operative bypass circuit. The patient is the only compliant component of the ECMO circuit, and excess volume in this closed system is seen as third-space edema and intravascular volume expansion in the patient. Reduction in the total fluid requires diuresis, hemofiltration or actually removing blood from the circuit. The bladder is housed in bladder box, which has a feedback sensor or a proximity switch attached to its top surface that acts to regulate the roller pump by turning it off in case of a bladder collapse from impaired return or hypovolemia, thereby preventing 'cavitation' (gas coming out of solution and forming bubbles) created by negative pressure in the circuit.
Heparin-coated circuits
Heparin surface coatings have been shown to improve thromboresistance of the blood-exposed surfaces of the circulatory support devices, and to allow reducing systemic anticoagulation, with subsequent reduction in any bleeding complication. Furthermore, heparin surface coating can also be applied to proof gas exchangers with true membranes. However, the thromboresistance of heparin surface coating is dependent on the blood flow and can be reduced by avoiding the use of protamine to reverse the systemic anticoagulation. [23] [24] [25] [26] [27] [28] [29] [30] [31] Integrated extracorporeal membrane oxygenation circuit This indigenous redesign [ Figures 3a and b] of the venoarterial ECMO is done in our institution for extending the boundaries of primary Arterial Switch Operations (ASO) in the Transposition of Great Arteries with intact ventricular septum beyond three weeks. The circuit can also be used for obstructed Total Anomalous Pulmonary Venous Connection (TAPVC), Anomalous Left Coronary Artery from Pulmonary Artery (ALCAPA) for preoperative and postoperative support, including performance of surgery on the ECMO circuit. Table 12 enumerates the advantages of the integrated ECMO circuit.
. [32] The two parallel circuits of ECMO and CPB are integrated at the level of the membrane oxygenator (MO) and the Incorporated in the body of the oxygenator heat exchanger. During surgery (on CPB), the 'hard shell' non-collapsible cardiotomy reservoir is used; and after surgery (on ECMO), the collapsible soft reservoir 'bladder' of the ECMO is used. The entire assembling is performed prior to the initiation of surgery. [33] The safety features of the ECMO circuit are shown in Table 13 .
Technical considerations
Priming of the circuit Using a pre-connected circuit, flushing with 100% CO 2 is done, followed by antegrade priming and debubbling. Red cells are added to get the hematocrit to 0.4 with 100 -150 units of heparin in prime. Sweep gas flow is set to one-tenth of the basal flow, with FiO 2 of 21%, and a buffer is added to the prime to normalize the base. The transonic flow meter should be zeroed at this point. Recirculation of prime is done with 1000 ml / minute flow for < 20 kg patients and with 4000 ml / minute flow for > 20 kg patients. The final prime potassium level in the prime is checked carefully and the ionized calcium is corrected along with the check of all safety devices and alarms, prior to the ECMO run. The volume of the neonatal circuit is approximately 400 -500 mL, which is one to two times the newborn blood volume. The circuit, therefore, must be primed carefully, so that the neonate at the initiation of bypass is perfused with blood containing the appropriate pH, hematocrit, calcium, clotting factors, electrolytes, and temperature. However, ECMO may be instituted in those patients over 35 kg in weight without the addition of blood in the prime.
Anticoagulation
Heparin must be administered before cannulation. A loading dose of 100 units / kg is administered to the patient two minutes before cannulation and at the surgeon's request. If ECMO is not commenced within 15 minutes an additional single dose is considered based on activated clotting time (ACT) [ Table 14 ].
Cannulation
Access for ECMO is provided via extrathoracic cannulation in general and the transthoracic cannulation approach is followed in the post-cardiac surgery patient with cardiac and / or pulmonary dysfunction.
Appropriate positioning for cannula placement should be ascertained only after proper securement of the endotracheal tube. The patient should be positioned in anti-Trendelenberg position with the head turned away from the site of cannulation. Availability of blood or albumin at the bedside is emphasized and made available at hand in case there is any event of blood loss or volume resuscitation crisis. All infusion lines must be accessible (not lost under the drapes), with blood and volume expanders connected, for any emergent administration (if the situation so demands). Anesthesia includes narcotics for pain and neuromuscular blockers for immobility during cannulation. Venovenous (VV) ECMO is preferred over venoarterial (VA) ECMO whenever possible, because isolation, cannulation, and ligation of the carotid artery is avoided. In infants and neonates, pressure is applied on the liver during venous cannulation, to ensure that the flow of blood remains out of the cannula with avoidance of air embolism. A cephalic cannula in the jugular vein can monitor jugular mixed oxygen saturation, augment venous drainage, decrease venous congestion, and decrease intracranial hemorrhagic episodes. [34] During carotid artery isolation and cannulation, bradycardia and hypotension may result from the close proximity of the vagus nerve in the carotid sheath. Factors such as neck hyperextension and lung inflation at the time of cannulation are to be considered for assessing the correct depth of catheter insertion in the chest radiogram.
For adults, the size of the intravascular catheters may be 20 Fr or larger, while 14 Fr catheters may be used in infants. These are generally placed by cut-down. The following should be seen as a guide [Tables 15 -18] [ Figure 4 ] rather than an absolute indication of the size for cannula selection. As a rule, whenever the venous drainage is good, more satisfactory level of ECMO support is achieved, thus choosing a relatively larger sized cannula seems attractive. The placement of an extra-venous cannula might be necessary with the evidence of inadequate return and the possibility of such a situation occuring should be borne in mind. [35] Initiation of extracorporeal membrane oxygenation Initiation of ECMO is done at flows of 20 ml / kg / minute, by first unclamping the arterial or oxygenated line, followed by clamping of the bridge and unclamping of the venous line. The flow is gradually increased to 100 -150 ml / kg / minute over 10 -20 minutes, or to the desired flow with minimum RPM, to minimize cardiovascular changes, in accordance with the assessment of the total obtainable blood flow. The full flow must not only satisfy the criteria of warmth, perfusion pressure, and oxygen delivery, but must also be adequate to reduce Inotropes are gradually tapered off. Minimal inotropes are used during cardiac support ECMO. Hypertension is aggressively treated with vasodilators. In neonates a perfusion pressure of 40 -55 mmHg is targeted. High flows can cause hypertension. Weaning onto support is done very slowly to allow gradual mixing of the prime with the patient blood, as there may be a large difference in volume between the patient and the ECMO circuit. The gas flow is started at the desired blood flow (1 : 1). The gas inlet pressure must be monitored, as a sudden increase can cause the oxygenator membrane to rupture. The ideal gas inlet pressure is < 50 mmHg. A pump inlet pressure monitoring line is attached to the venous cannula connector. This line must be flushed regularly to prevent it from clotting as it monitors the patient volume status and change in cannula position. (Table 19 ) Once the patient is stabilized, the pump flows may be decreased to keep the PaO 2 in the 85 -100 mmHg range. The patient must have an adequate circulating blood volume to obtain good flow rates. Blood sampling may average 50 ml per day in the neonate on ECMO. Blood may also be lost from the cannulation sites. Careful and complete fluid balance demands hourly monitoring. Decision on volume replacement depends on the hemoglobin (Hb), platelets, and blood or plasma protein levels. Packed red cells are given if the Hb drops below 9 g / dl, fresh frozen plasma or albumin is given if the Hb is above 9 g / dl, and platelets are given if the platelet count is less than 50,000. Transfusion of antithrombin III (AT III) is required if the AT III serum level falls below 80%. Sodium citrate preservative in the donor blood binds with the ionized calcium; therefore, calcium gluconate or calcium chloride is usually administered with each 100 ml of blood or plasma. Total serum and ionized calcium levels should be monitored every eight hours. The size of the arterial cannula contributes to the resistance in the circuit, as it does in CBP. Hemolysis can occur with a high flow, through narrow orifices, so the larger the cannula the more the chances of less hemolysis occurring. This is more critical than with the conventional CPB because of the time period with support on ECMO.
Monitoring on extracorporeal membrane oxygenation

Sampling sites on the extracorporeal membrane oxygenation circuit
All blood samples other than the patient's arterial blood gas are obtained from the ECMO circuit. The samples are drawn from the first pigtail after the bridge on the venous side and prior to the bladder for ACT and for all biochemistry parameters. For blood gas sampling on the circuit: (1) A venous gas sample is taken before the blood reaches the bladder and it measures the blood gases from the blood returning to the machine from the patient. (2) A post-membrane gas sample is taken from the pigtail after the oxygenator, and is used to assess the oxygen and carbon dioxide exchanging function of the membrane. On ECMO this should be checked every 12 hours for oxygenator failure. [18] Clinical Considerations Ventilator and lung management Ventilation is kept at a low settings [ Table 20 ] aiming at lung rest (target -PPlat under 25 cm H 2 O, FiO 2 under 0.4). There will be some blood still flowing in the lungs and it is important that it is oxygenated, as this will minimize the admixture of the desaturated blood from the pulmonary circulation joining the fully oxygenated blood from the ECMO circuit. If an expected long run is anticipated, an early tracheostomy will facilitate all aspects of care, including facilitation of minimal sedation. These patients often have bleeding from the lung parenchyma and it may necessitate frequent tracheobronchial suctioning and lavage. Hemoptysis should not be considered as a sign of futility and must be managed as any bleeding complication. High-frequency oscillatory ventilation can be used at rest settings (mean airway pressure 12 -14 cm H 2 O), and may help with recruitment. Until there is some sign of lung recovery, there is no indication for recruitment maneuvers, or other ventilation devices or maneuvers. Infants and neonates must receive four doses of surfactant 100 mg / kg. When there is some native gas exchange and aeration, it is reasonable to begin the recruitment maneuver, (prolonged inspiration at 25 cm H 2 O). The use of adjunctive measures such as nitric oxide, surfactant, prone positioning, fluorocarbon lavage, and percussive ventilation have been reported to be helpful in recruitment in some centers. Chest CT showing posterior consolidation is only an indication for prone positioning, which will recruit posterior lung units when recovery begins and is evident on respiratory support with ECMO. [36] [37] [38] Other organ systems Skin and general care for pressure points and invasive lines should be taken to prevent skin trauma and breakdown. Antibiotic prophylaxis and treatment are to be administered as per the institution's protocol. Avoid nasopharyngeal suction, venepuncture, lumbar punctures, and elective invasive interventions on the ECMO run, unless it is an emergency.
Fluid and electrolyte imbalances: Extracellular fluids increase by about 30% and paradoxically water loss occurs from membrane oxygenators. An edematous state is common and electrolyte requirements are increased due to higher circuit volumes. Standard parenteral or enteric nutrition for age is carefully implemented, considering that these fluids shift to avoid circulatory overload.
Central Nervous System: Impaired venous drainage due to venous cannulation of the internal jugular veins, with additional risks of thrombosis or bleed, remains the major cause of morbidity and mortality. Reperfusion injury with cerebral edema can further compound these problems. Serial ultrasounds are done daily, in infants, to screen for bleeding complications, which preclude further ECMO runs.
The Hepatobiliary System: Indirect hyperbilirubinemia secondary to hemolysis and direct bilirubinemia secondary to cholestatic jaundice occur often.
Renal System: Oliguria and associated renal dysfunction are worsened on ECMO. Continuous veno-venous hemofiltration is a helpful adjunct to decrease the biochemical load.
Weaning or trial period without extracorporeal membrane oxygenation
In patients with a principal pre-ECMO diagnosis of respiratory failure, weaning trials are not indicated till substantial signs suggestive of native lung recovery are seen. Most ECMO centers are not accustomed to 30-to 60-day runs, but even total fibrosis, when documented, has been reversible. Even though there are acute respiratory distress syndrome (ARDS) survivors after a month (the longest is 120 days), the utilization of the ICU and ECMO resources is a consideration. At present the best indicator of irreversible lung fibrosis is the PA pressure and evidence of right ventricular failure (although some patients have recovered with longer VA support). The trial period without ECMO is scheduled if (1) the patient demonstrates adequate gas exchange and is on reasonable ventilator settings, and (2) the patient tolerates a pump flow of 10 -20 ml / kg / minute with a minimum of 200 ml / minute. Inotropes are optimized to pre-ECMO levels and the pump flow is decreased to 20 -50 ml every 20 -30 minutes, as long as the mean arterial pressure, CVP, and SmvO 2 are maintained within the prescribed limits. To avoid hypocarbia during weaning, the sweep must be reduced at the same rate as the blood flow. Ensure a post-oxygenator gas check should hypoxia occur. Once the flow has reached 100 ml / minute or 30 ml / kg / minute, weaning is stopped and the flow reassessed. Decannulation is done two to four hours after clamping off and requires anesthesia, positioning, and equipment, as for cannulation. 
Indications for hemofiltration
Ideally, the ECMO circuit should not be accessed for hemofiltration. The poly-methyl pentene (PMP) oxygenators have a very low pressure drop across the membrane, and therefore, it is unsuitable to operate a hemofilter in a parallel circuit with the oxygenator. As many of these patients will be in renal failure, it is imperative to have a low threshold for continuous renal replacement therapy (CRRT). Hemofiltration is used on ECMO [ Table 21 ] for managing oliguria or anuria with fluid retention (resistant to high-dose diuretics), edema, electrolyte balance, for removing blood-borne toxins, and the administration of full-volume nutrition and blood products, without fluid overload. Hemofiltration must be set up separately if possible, however, if required, the safest option is to withdraw blood from the arterial side of the circuit and return it to the venous side through the port at the bottom of the oxygenator. The shunt through the hemofilter steals a proportion of the pump flow (between 10 and 20%, depending on the way the filter is connected) and reduces the net flow to the patient. Slow continuous ultrafiltration (SCUF) can remove up to 10 ml / kg / hour, and with continuous arterial-venous hemofiltration (CAVH) up to 50 ml / kg/ hour of filtrate.
Transfer on extracorporeal membrane oxygenation Patients may require transfer for investigations (CT scan/ angiography), interventions in hybrid surgical suits, or to different higher referral centers. Prior to shifting clotting profiles, electrolyte, and volume status has to be optimized. Sedation and neuromuscular blockade may be required at times. Care of circuits and cannulas during shifting and availability of extra oxygen, battery packs, manual cranks, extra blood, and volume expanders, depending on the length of transfer or transport, are among the areas of impending potential complications [ Table 22 ]. [39] Invasive procedures on extracorporeal membrane oxygenation Any invasive procedure is associated with increased risk of mortality and bleed, secondary to anticoagulation.
Prior to the procedure, clotting screen and total platelet counts with hematocrit are optimized [ Unless in an absolute emergency or an effect on flow dynamics being the issue, chest drain insertion necessitated for pneumothorax or pleural effusion may be left initially undrained, and thus, can be monitored until the patient is weaned from the ECMO. Factor VII administration is considered if bleeding exceeds 10 ml/ kg / hour post the procedure. support to pre-ECMO settings or initialization of hand ventilation, and also necessitates the stopping of all infusions going to the ECMO circuit. All infusions including inotropes and total parental nutrition are reattached to the patient. Clamping the patient's venous or arterial cannula depending on the situation with the underlying crisis, and finally unclamping of the bridge is done. Turning off the gas flow to the membrane will prevent super-saturation. Till the rectification of the snag, possible recirculation of ECMO blood at 200 ml / minute is attempted.
EVALUATION OF THE OUTCOME
Extracorporeal membrane oxygenation is a difficult therapy to study and compare with the conventional means of support. The other problem with the studies on ECMO for adult patients is that there are very few patients who are sick enough to need ECMO with reversible disease allowing ethical randomization for alternative theraputic comparison studies. Less than 20% of the ARDS deaths are caused by respiratory failure, while higher numbers of pediatric and neonatal deaths are caused by primary respiratory failure, which explains the greater success of ECMO in pediatrics than in adult medicine. Infants with meconium aspiration syndrome had a 93% survival rate, while patients with congenital diaphragmatic hernia had the lowest survival rate, at 62%. Adult patients for severe respiratory failure complications were not infrequent and were associated with reduced survival; however, overall survival to discharge was 50%. Unmatched patients who underwent extracorporeal-CPR (E-CPR) had a higher survival rate to discharge and a better one-year survival than those who received conventional CPR. Between the propensity-score-matched groups, there was still a significant difference in survival to discharge, favoring E-CPR over conventional CPR. In pediatric patients who had undergone cardiac surgery, survival rates as high as 50% were achieved by implementing ECMO prior to the occurrence of multiple organ failure, in smaller children. The overall survival rate on ECMO as a bridge to recovery and transplantation has been 54.5%, with successful hospital discharge of patients. Overall patient outcomes from the Extracorporeal Life Support Organization (ELSO) 2010 registry, are summarized in a tabular format, courtesy Curtis Froehlich, and shown in Figure 5 . [40] [41] 
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